Once a community recognizes that pollutants have undesirable effects, it may take steps to prohibit their emission. Soiling, odour and obscuration rather than effects on health are usually considered adequate justifications for these regulations. The next step is usually based on atmospheric monitoring, which permits the ambient air concentrations to be compared with those found to be toxic to animals or unacceptable for occupational exposure. Medical data from industrial hygiene and toxicology are suitable for developing regulations to cope with acute or threatened air pollution peaks. The 'alert levels' for ozone, sulphur dioxide, carbon monoxide and nitrogen oxides of the Los Angeles Air Pollution Control District are instructive examples of such regulations (Los Angeles Air Pollution Control District Rule 156, Table 1 ). The age structures and other features of industrial populations differ so greatly from that of a general community, that epidemiological data from occupational studies is of little direct use in drafting community air pollution regulations.
However, the definition of a community air pollution problem by relating atmospheric measurements to sources (and to atmospheric reactions) becomes possible at this stage. Some crucial medical and biological studies are suggested by these definitions. Examples are the search for the combination of sulphur compounds and particulates which might replicate some of the Donora effects (Amdur & Corn 1963) and the search for the eye-irritant in the Los Angeles photochemical brew (Stephens et al. 1961) . Regulations may be based on such work but usually they will bear little or no direct relationship to medical or epidemiological studies. Industrial emissions standards for SO2 (Rule 53, Los Angeles Air Pollution Control District) are an example. Regulations may be in the form of a permit scheme (Rule 10, Los Angeles Air Pollution Control District) or performance standards (t3120-3123.9 Regulations of the Bay Area Air Pollution Control District, San Francisco) or combinations. When the pollution has been defined, epidemiological studies become possible and the work on lung cancer in relation to benzo(a)pyrene (Stocks & Campbell 1955) and bronchitis in relationship to smoke and SO2 (Pemberton & Goldberg 1954 , Lawther 1958 are examples of the possible magnitude of long-term effects of pollution, and suggest the extent of the abatement which may be required to avoid these effects.
In facing such massive tasks as controlling motor vehicle emissions or substituting a 'cleaner' for a 'dirtier' fuel the community may turn to its medical scientists and ask 'what levels of air pollutants are safe (or permissible)?'
In California, such a question has led to establishment of ambient air quality standards and their use as a basis for control of motor vehicle emissions. The Table of Standards is shown in Appendix 1.
Before ambient air quality standards in California were set the measurable effects of community air pollution on health were studied ( Table 2 ). With the help of a distinguished group of advisers, several policies were then formulated:
(1) The standards would be at three levels, as defined in Appendix 1.
(2) They would be based on sound data on the effects of exposures of specific duration and specified concentrations of pollutants. Furthermore the interpretation of a Table 2 Measurable effects of air pollution on bealth (1) Acute sickness or death (2) Insidious or chronic disease
(3) Alteration of important physiological functionO (4) Untoward symptoms-(5) Discomfort from air pollution sufficient to lead individuals to change residence or place of employment *By important physiological function is meant function such as ventilation of the lung, transport of oxygen by hemoglobin, or dark adaptation (the ability to adjust eye mechanisms for vision in partial darkness) *By untoward symptoms is meant symptoms which in the absence of an obvious cause, such as air pollution, might lead a person to seek medical attention and relief given set of data with respect to a standard would be reviewed by competent scientists. (3) Standards would be based on the reactions of the most sensitive group in the population provided such groups could be defined in terms of age and medical status. (4) If adequate information of this sort was not available, no standard would be set. (5) The technical data upon which standards were set or considered would be published (California State Department of Public Health 1960). This set of policies led to the development of lists of questions upon which additional research was needed before additional standards could be defined.
Pollutants emitted primarily by motor vehicles were subject to regulations promulgated by the State of California. Pollutants from stationary sources were and are still subject to regulation by local or regional control agencies. Such agencies were left free to plan for achieving lower concentrations.
The standard for 'oxidant' is based on the use of the oxidizing property of the air as a basis for estimating the severity of photochemical air pollution. It is measured by bubbling air through potassium iodide solution or phenolphthalin. The standard of 0 15 ppm (by volume KI method) for one hour is based on the experimental and epidemiological association of eye irritation with these levels. At about the same concentration, typical vegetation damage begins to occur.
Oxidant levels are approximate indicators of pollution by hydrocarbon vapours which have reacted photochemically with nitrogen oxides. On the basis of the oxidant standard, motor vehicle exhaust hydrocarbon emission standards (275 ppm hydrocarbon measured by a hexanesensitized non-dispersive infra-red analyser) have been set. Emission standards for nitrogen oxides are now being considered, as are other minor revisions.
The air quality standard for carbon monoxide (average concentrations of 30 ppm for eight hours or 120 ppm for one hour) is based on the assumption that these concentrations will produce 5 % carbon monoxide hmmoglobin in the blood of people inhaling them. There was no evidence that specific individuals suffered from such exposures. Nevertheless, the production by air pollution of such widespread interference with the function of oxygen transport by the body's hemoglobin was felt to be potentially dangerous to sensitive people such as those with severe pulmonary or circulatory disease. On the basis of this air quality standard it was estimated that in Los Angeles County 4,800 short tons per day would be the allowable vehicular emissions. The daily emission in 1957 was 7,200 short tons; the estimate for 1970 was 12,000 (assuming 3 -8 % CO by volume in exhaust). Since at the time of their adoption in 1959 the standards were considered to be goals for 1970, a decrease of 60% would have been needed. This percentage, applied to 3 8 % CO, became the basis for the motor vehicle emission standard of 1-5 % CO by volume (dry basis). This standard has become the second of the major criteria for design of exhaust control devices. Recently new data on emissions of carbon monoxide from two series of studies have been presented. Accordingly the average concentration is now estimated to be 3 3%. A 60% reduction would bring the average CO content of exhaust gases down to 1 *3 % by volume for 1970. By estimating emissions for 1980 based on fuel consumption it is estimated that the carbon monoxide content will need to be reduced to 1 0% by that time.
As soon as two exhaust control devices are approved by the California Motor Vehicle Pollution Control Board', after a suitable lapse of time, they will be required by law to be fitted first on all new cars sold in the State and then on used cars in at least some parts of the State. Engine modification, without exhaust control devices, might meet the problem equally well.
These standards are based on sound experimental work; the duration and magnitude of the exposure which could produce 5 % carboxyhamoglobin are based on laboratory exposures as, for example, those reported in the work of Forbes et al. (1945) .
The air quality standard for sulphur dioxide at the lowest ('adverse') level (Appendix 1) is based mostly on exposures which could produce vegetation damage. No air quality standards for sulphur dioxide have as yet been set on the production of acute or chronic illness, though the other levels are based on airway resistance changes and symptoms. Lawther (1963) reports that mortality increases significantly when, along with at least 750 pg/cu. m of suspended smoke, SO2 is in excess of 0 25 ppm. Lawther also reports that with at least 300 pg/cu. m of smoke, 0-21 ppm SO2 is associated with reported deterioration of health in a group of chronic bronchitics. These findings suggest a level for an air quality standard in a smoky place of about 0-2 ppm (based on acute illness or mortality of a sensitive group). Since these effects are quite grave, it seems likely that such a community ought to take some lower concentration as a goal for its planning. These findings remind one of Boren's (1964) demonstration of the damage produced in mice when nitrogen dioxide was adsorbed on soot, and of Shabad's (1962) Symposium on Air Pollution benzo(a)pyrene was adsorbed on soot with a casein binder; however, these findings may not be relevant to a relatively smokeless city such as Los Angeles. The California air quality standard for sulphur dioxide (0-3 ppm average for eight hours or 1 0 ppm average for one hour) is rarely exceeded. The standard for carbon monoxide has been exceeded about 40 times, and those for oxidant and particulates are frequently exceeded.
The previous discussion has been concerned primarily with abating existing pollution by means of various regulations. When rapid population growth or technological change occurs in an area in which meteorological and topographic patterns frequently limit the dispersal of wastes, a new question should be asked: By what means can air pollution or the worsening of air pollution be prevented? Such questions have led to the work of an Air Conservation Commission appointed by the American Association for the Advancement of Science. The Commission's work has been going on for the past two years and its report should be published within a few months. The Commission's work is based on a charge which includes the following assumptions:
'We now possess the capacity to determine whether the atmosphere shall be used in such a way as to preserve its ability to sustain life or whether man's atmospheric environment shall continue to deteriorate, to the detriment of his health and his way of life ...
'The present state of knowledge about atmospheric pollution and its control provides a basis for predicting consequences for our air resources of certain patterns of human activity, such as transportation systems, industrial operations, energy production and weapons testing. Given this knowledge, policy decisions on matters like land utilization, fuel usage and urban organization become imperative in conserving our air resources. A sound public policy, suitably implemented, can protect health and economic values and can encourage technical progress.'
The Commission favours planning which will often cross boundaries of conventional governmental jurisdictions. The Commission is interested in the analysis of the economic consequences of air pollution including its effects on materials, crops, human health and land values. The Commission believes that some control or preventive programmes are too narrow, concerned as they usually are with the effects only on a single industry or economic sector. The Commission has suggested that the processes of atmospheric self-purification be studied, particularly the effects on this process of alternation of settled (pollution-emitting) and greenbelt areas. Among major policies needing evaluation might be that of burning fuels for electrical power generation at considerable distances from major metropolitan areas. Recent advances in power transmission technology now make it seem that power generation at the coalfields in Pennsylvania and West Virginia might well serve the power needs of the East Coast metropolitan complex, as a similar arrangement in coalfields in Utah might serve California.
In the view of the Commission, these broad policy matters should be considered in relation to medical and epidemiological research. The Commission's work represents an effort to apply principles of preventive medicine to the problems of community air pollution.
For purposes of illustration, consider the policies concerning the fuels for thermal electrical generating stations in Los Angeles. Stations in Los Angeles burning fuel oil and gas have been located on the shore, upwind of the metropolitan area. When burning fuel oil, the plants are major emitters of sulphur oxides and an important source of nitrogen oxides and particulate matter (see Fig. 1 , Trends in A, sulphur dioxide and B, nitrogen oxides, and effects of Rule 62). Rule 62 of the Los Angeles Air Pollution Control District seeks to prevent build-up of these pollutants by requiring use of natural gas when available, which it presently is, during summer and autumn months. In winter, a large portion of the available gas is used for heating homes and business places. Currently an effort is under way to obtain more natural gas so that power stations could use it all year.
Whether increasing pollution with sulphur dioxide and nitrogen oxides could be dangerous is a central issue in the effort to get additional quantities of natural gas. The present policy of the Federal Power Commission which must make this decision is that use of natural gas for prime power production is a use 'inferior' to that for residential and small business heating and for petrochemical industries. This poses a question of natural gas conservation versus air conservation.
Extensive prospective and retrospective epidemiological research projects on effects of inhaling polluted air are being undertaken in California, using mortality by the so-called death clearance method (Dunn et al. 1960 ), standardized respiratory surveys (Holland 1963) and a variety of other methods. A major difficulty is the marked mobility of populations in California. Only 40% of the total 1960 population were born in California, and of the male population, aged 45-64 years, only 16% were born in the State. Less than 40 % of the State's population lived in the same house in which they had lived 5 years earlier. Air pollution exposures, even in the same location, are changing also. Thus for epidemiological studies of long-term effects of pollution, it is not satisfactory to use the place of present residence as the sole index of exposure to pollution, as has been done so effectively in Great Britain, and we are in more urgent need of indicators of exposure or response to pollutants. We have developed the use of expired air sampling for carbon monoxide as an index of carboxyhamoglobin concentration (Ringold et al. 1962 ) and hence of recent exposure to carbon monoxide. Other indicators such as analysis of sputum for metals and hydrocarbons are being evaluated.
Thus no relationship has yet been proven between chronic bronchitis, emphysema or lung cancer and long-term exposure to air pollution in Los Angeles. Because of this some think that additional supplies of gas are not needed. The other point of view is that since severe pollution began to occur only in various parts of the basin from 1945-55, it is too early to detect any longterm effects, and if feasible, such effects should be prevented by keeping pollutants low.
In some respects we are still faced with the same dilemma as were early workers who, following Snow, believed that unsanitary water, even if it looked, smelled and tasted pure, could spread disease. They adopted policies to improve water sanitation and it was ultimately shown which diseases, caused by which agents, they had prevented.
While it might be an impressive achievement to be able to show that Los Angeles air pollution caused disabling respiratory disease, I would rather be counted among those who exerted their efforts to keep this from occurring.
Summary and Conclusions
Control by local agencies of visible smoke, odour and soiling is usually carried out without specific reference to medical or epidemiological research.
Systematic atmospheric monitoring usually raises questions about the effects on health of exposure to specific pollutants. While medical and epidemiological data from exposures to sources other than community air pollution may provide specific answers, quantitative relationships cannot usually be derived. Medical and epidemiological research is needed to assess the effects of air pollution on health. While the questions may originally be asked in terms of mortality and morbidity rates, the most valid answers are likely to be in terms of sensory irritation, interference with function, or impairment of visibility.
With such information, valid air quality criteria and standards may be defined and used as a basis for regulating the emission of existing pollutants and for planning. In California air quality standards for 'oxidant' and for carbon monoxide have been used as a basis for control of motor vehicle emissions.
Air conservation is a recent concept which is partly dependent on medical and epidemiological research. It emphasizes the need to apply existing knowledge to planning for urban land use, transportation, industrial development and the use of fuel and power so that air pollution may be prevented.
Epidemiological studies of the chronic effects of air pollution in the United States have been more complicated than in the United Kingdom because of population mobility and changing patterns of exposure to pollution. Estimations of individual exposure to carbon monoxide are now practical and investigations on other pollutants are being undertaken.
Many of these problems are reflected in the differing points of view concerning use of sulphur-containing fuels for thermal power generating stations in Los Angeles. Recent pollution in Los Angeles has not been shown to have long-term effects; if such effects were seen they would represent a serious failure to use available medical and epidemiological infornmation to protect the public health. (1) Hydrocarbons are a group of substances most of which, normally, are toxic only at concentrations in the order of several hundred parts per million. However, a number of hydrocarbons can react photochemically at very low concentrations to produce irritating and toxic substances. Because of the large number of hydrocarbons involved, the complexity of the photochemical reactions and the reactivity of other compounds such as nitrogen dioxide and ozone, it is not yet possible to establish 'serious' and 'emergency' levels for hydrocarbons. From the public health standpoint, the concentration of those hydrocarbons which react photochemically should be maintained at or below the level associated with the oxidant index defined in the 'adverse' standard
(2) Five ppm nitrogen dioxide for eight hours will produce temporarily decreased respiratory function in animals. High levels (150-220 ppm) in short exposures produce fibrotic changes in the lungs of man that may end fatally. More data on human exposures will be needed prior to setting a standard
(3) Ozone, at ppm for eight hours daily for about a year, has produced bronchiolitis and fibrositis in rodents. Extrapolation of these data to man is difficult. Functional impairment data have been reported; at 1-25 ppm some effect is observed on residual volume and diffusing capacity. The variability of the tests was not reported. Additional data would be needed before a standard is set (4) A value of 2-0 ppm of ozone for one hour may produce serious interference with function in healthy persons and the assumption is made that this might cause acute illness in sensitive persons (5) Given certain assumptions concerning ventilatory rates, acute sickness might result from a carbon monoxide level of 240 ppm for one hour in sensitive groups because of inactivation of 10% of the body's hemoglobin. In any event it is clear that when a population exposure limit has been set for carbon monoxide, because of exposures from other sources, community air pollution standards should be based on some fraction of this limit (6) Hydrogen sulphide is not known to produce chronic disease in humans but there may be durable sequelw from acute exposures. The disagreeable odour may interfere with appetite in sensitive groups of persons at about 5 ppm. At high concentrations loss of the sense of smell occurs. This has been reported at 100 ppm for exposures lasting 2-15 minutes. Conjunctivitis and mild respiratory tract irritation have been reported at levels of 50-100 ppm for one hour (7) Acute sickness and death with neurotoxicity may occur at concentrations of several hundred ppm. It is very unlikely these levels will occur in community air pollution (8) A sulphuric acid mist level of 1 mg/cu.m with an average particle size of I gf will produce a respiratory response in man.
It is not possible to generalize from this for all air pollution conditions, because under natural conditions, particle size will vary. Only with large droplets would sensory irritation be produced without other physiological effects To attempt to summarize the proceedings of the past two days would be difficult. Rather we should look back and note that a clearer picture of air pollution and its effects has emerged as a result of our discussions.
Pollution is no longer thought to pose mere local problems to plague us on but a few winter days; it is recognized as a noisome factor in any environment in which fuel is burned. It is no longer thought of in crude terms of grit, dust and smoke but is known to be of complex physical and chemical structure which must be studied if its effects are to be understood. The mortal results of high concentrations of urban pollution are recognized though much work still needs to be done to elucidate the mechanism by which it exerts its effects, the consequences of low-grade pollution are more difficult to discern with certainty and in the study of its role in the production of chronic disease it is well to remember that the pollution of more than twenty years ago, gone beyond measuring, was more relevant to present disease. There is therefore a strong case for the planning and prosecution of prospective epidemiological and environmental studies which will exploit contemporary changes in the pattern of pollution. Likewise there is the strongest possible case for international collaboration in the study of pollution and disease. It is, of course, possible to condemn out of hand any pollution of the air on the grounds that not being beneficial, it is almost certainly evil. Such righteous indignation was permissible some years ago when few felt any guilt at using the air as a sewer. But today, in a highly sophisticated industrial society, much has been done to prevent and abate air pollution and we are now asked hard questions concerning the price we are willing to pay to deal with the hard core of pollution which is technically difficult to abolish. In place of mere strong feelings we must have hard facts concerning the effects of pollution in order to answer these questions.
New pollutants replace the traditional smoke and SO2; the photochemical pollution of Los Angeles, the carbon monoxide from our own cars, asbestos, and many other exotic substances merit careful study. But one form of intense air pollution has been condemned by all speakersthe inhalation of tobacco smoke is in all probability more harmful than any pollutant of the ambient air which we are likely to meet and Sir George Godber was forthright in his condemnation of this folly. The prudent man will not smoke.
This symposium has been a happy gathering of learned friends all of whom are grateful to the Royal Society of Medicine and its benefactors for making possible a meeting which has resulted in the greater understanding of a serious evil.
